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Abstract 12 
Drifting macrophytes such as seagrass and macroalgae re commonly found washed ashore 13 
on sandy beaches but few studies have investigated the rift trajectories of macrophytes 14 
whilst near to the coast. This is the first study to investigate the surface drifting of small 15 
clumps of seagrass released at various distances from shore, across multiple days with 16 
contrasting wind and tidal conditions, in a large gulf in southern Australia. Natural and 17 
artificial radio-tagged seagrass units generally travelled in the same directions as tides but 18 
trajectories were variable across sampling days and when tagged units were released at 19 
different distances from shore. Natural and artificial units diverged from each other 20 
particularly on days when wind speeds increased but generally drifted in the same direction 21 















conditions, tagged seagrass units drifted with tides for 0.25 to 5 km and, during one sampling 23 
day when wind speeds increased, drifted for >5 km over the 6-h time period. Only tagged 24 
units that were released closest to shore stranded on sandy beaches within the six hours of 25 
observation, so it would be difficult to predict the eventual stranding location on shorelines 26 
for macrophytes released further offshore. This study provides evidence of the variability of 27 
macrophyte drift dynamics near to coastlines. Acknowledging this variability is essential for 28 
further understanding of the ecological significance of allochthonous material arriving at 29 




Macrophytes such as seagrass and macroalgae detach from the benthos during storms or in 34 
large swells (Kirkman and Kendrick 1997). After they detach from the seafloor, drifting 35 
macrophytes can be moved around by various hydrodynamic forces such as tides, currents 36 
and wave action (Harrold and Lisin 1989; Kirkman and Kendrick 1997; Komatsu et al. 2007). 37 
Detached macrophytes can drift at the water surface for months at a time and be displaced 38 
over distances of 100s to 1000s of kilometres (Hobday 2000a; Kendrick et al. 2012; 39 
McMahon et al. 2014; Wolanski 2016). Eventually, drifting macrophytes may deteriorate and 40 
sink to the seafloor or end up stranded as beach-cast wr ck along coastlines (Johnson and 41 
Richardson 1977; Hobday 2000b). In some regions, drifting macrophytes form large 42 
accumulations close to shore and eventually pile up as wrack along beaches in very large 43 
volumes (Kirkman and Kendrick 1997; Baring et al. 2014). Drifting macrophytes in 44 
nearshore environments and wrack that is stranded on beaches play multiple important roles 45 
for coastal ecosystems such as shelter for young fish, food for macroinvertebrates, recycling 46 















(Kirkman and Kendrick 1997; Baring 2014). Despite th commonality of drifting 48 
macrophytes, there is still little information known about their movement into, and eventually 49 
stranding on, sandy beaches. This is particularly important if the source location of drifting 50 
macrophytes such as seagrass meadows are close to shore where small-scale, short-term 51 
movements may well characterise a substantial proporti n of the drift pathway. 52 
Understanding the movement patterns of drifting macrophytes arriving on shorelines is also 53 
important in metropolitan areas where local governme ts have beach-cleaning programs in 54 
place for improving public amenity along highly-populated beaches (e.g. favoured residential 55 
or tourism beaches) (Kirkman and Kendrick 1997).    56 
Previous surveys have assessed the dispersal of repr ductive propagules and recolonisation 57 
potential of macrophytes across long distances (Harwell and Orth 2002; Thomson et al. 58 
2015). Some studies have also investigated the composition and volume of detached, drifting 59 
macrophytes along transects at the sea surface offshore (Kingsford 1995; Komatsu et al. 60 
2014; Mizuno et al. 2014). Other studies have investigated drifting macrophytes along the 61 
seafloor by diver census (Wernberg et al. 2006), mapping with echo-sounding equipment 62 
(Riegl et al. 2005) or surveying with remotely-operat d vehicles (Britton-Simmons et al. 63 
2012). Few studies have investigated the drift dynamics of macrophytes closer to shore (but 64 
see Harrold and Lisin 1989; Kirkman and Kendrick 1997) and most have focused on brown 65 
algal species (particularly Sargassum or Macrocystis spp.) from coastal regions in the 66 
Northern Hemisphere (Harrold and Lisin 1989; Komatsu et al. 2007).   67 
Drift trajectories of macrophytes at the sea surface have been investigated in previous studies 68 
using a range of methods including the attachment of visual (Kingsford 1995), radio (Harrold 69 
and Lisin 1989) or satellite (Komatsu et al. 2007) tags to algal clumps. Other studies have 70 
used satellite imagery of very large drifting macrophyte accumulations at the sea surface in 71 















drift dynamics and trajectories of macrophytes in the East China Sea (Filippi et al. 2010). 73 
Most studies that have included physical tracking investigated large drifting macroalgal 74 
accumulations that were square metres in area or multiple kilograms in weight (Harrold and 75 
Lisin 1989; Kingsford 1995; Komatsu et al. 2007). In comparison, the drift dynamics of small 76 
clumps (<1 kg) of detached macrophytes close to shore (i.e. ≤3 km), particularly in sheltered 77 
or semi-enclosed systems such as estuaries or gulfs, are till relatively unknown. 78 
Furthermore, to our knowledge, there are no previous st dies tracking drifting seagrass, only 79 
of plastic drifters that were released at the sea surface as a mimic of seagrass leaves and 80 
macroalgae (Kirkman and Kendrick 1997). Also, there ar  no studies that have assessed the 81 
drift dynamics of natural seagrass versus artificial se grass mimics in combination. 82 
The aims of this study were to investigate the short-term surface drift trajectories of small 83 
clumps of individual macrophytes using either naturlly-occurring or artificial drifting 84 
macrophytes (< 1 kg) with attached radio tags. We aimed to test the impact of distance to 85 
shore by repeatedly releasing tagged macrophytes at four separate distances from the 86 
shoreline (≤ 3 km) within sheltered gulf waters of southern Australia. Specifically we 87 
proposed null hypotheses that natural and artificial tagged seagrass units would follow similar 88 
trajectories to each other and if they stranded on shore it would equally be likely regardless of 89 
release distance from shore over the short timeframe of six hours. Thus, this experiment 90 
furthers understanding of drifting natural and artificial macrophyte movement and the likely 91 
deposition of macrophytes as wrack on beaches. The information obtained will aid in future 92 
management of coastal zones by enabling a better understanding of the likely movement and 93 
stranding of seagrass wrack drifting close to shore. Information on the drift dynamics of 94 
natural and artificial seagrass mimics will also prvide better understanding of the 95 
idiosyncratic movement of both natural and artificial materials drifting at the sea surface, 96 
















Study site 99 
Tracking of radio-tagged natural and artificial seagrass was undertaken during the austral 100 
spring/early summer period from September to December 2013 in Gulf St Vincent, South 101 
Australia (Fig. 1). Gulf St Vincent is a large invers  estuary where evaporation exceeds 102 
rainfall and has a surface area of 7,000 km2 and a maximum depth of 40 m (De Silva 103 
Samarasinghe and Lennon 1987). Sandy beaches totalling 28 km in length are the main 104 
coastal fringe along the coastline of metropolitan Adelaide along eastern Gulf St Vincent 105 
(Short 2001). Along this stretch of coastline, large accumulations of wrack often become 106 
trapped along the beaches from West Beach through to Brighton (Fig. 1), particularly in the 107 
vicinity of man-made structures such as marinas, groynes and breakwaters (Short 2012). 108 
Also, beaches along the Adelaide metropolitan coastline are regularly cleared of wrack with 109 
earthmoving equipment by local councils for aesthetic r asons with still relatively unknown 110 
impacts to nearshore ecology. 111 
Tagged seagrass units were deployed from the coastal waters off West Beach along the 112 
metropolitan Adelaide coastline (Fig.1). West Beach is between the two main waterways that 113 
flow into the coastal waters along Adelaide’s metropolitan beaches, the Torrens River to the 114 
north and the Patawalonga River to the south.  115 
Preliminary testing of radio-transmitters 116 
We selected 2-stage VHF waterproof radio-transmitters (SIRTRACK Ltd.) set at individual 117 
frequencies as the most robust, cost-effective and reliable option for tracking seagrass in this 118 
marine environment. The Biotrack Ltd. Sika Ultra Receiver unit (150-154MHz bandwidth) 119 
was used in conjunction with a Folding Yagi 3 Element Antenna (145-155MHz bandwidth) 120 















located.  The SIRTRACK radio transmitters transmit at maximum capacity in air and have a 122 
signal radius of up to 2 km, which can be lower in ough seas. In order to obtain the best 123 
radio signal from radio transmitters, counter-weighted floating cage units were constructed 124 
from plastic mesh (Appendix Fig. A1). Each radio-transmitter was placed inside a cage unit 125 
along with a high-density polystyrene float and a 15-g counter-weight to ensure that they 126 
were as small and lightweight as possible to reduce any cage influence on seagrass drift 127 
trajectories (mean ± SE weight of cage unit = 80.82 ± 0.62 g). This counter-weighted float 128 
design also ensured that the cage unit remained upright at the sea surface with the antenna in 129 
the air when seagrass was attached to the base (Appndix Fig. A1). 130 
Before the tracking study was undertaken, a series of field tests were used to determine the 131 
ability to detect and locate radio-transmitters. To minimise float-induced drag, various 132 
volumes of seagrass were attached to cage units and observed to determine an ideal seagrass 133 
clump volume that mimicked single plants that had detached from the seafloor. Various 134 
volumes of fresh seagrass (Posidonia spp.) were attached to cage units using zip ties (i. . 135 
treatments were blank cages = 0 L attached, otherwis  0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 L 136 
attached) and their small-scale drift trajectories w re observed and compared over a short 137 
time (e.g. 5 minutes) with multiple re-runs. The 0.1 L volume was the smallest volume that 138 
had a similar drift trajectory to all of the larger volumes (and thus was not likely to be 139 
affected by the cage but was most similar to the siz of a single plant) and so was selected as 140 
the seagrass volume for the main study.  141 
Other trials included testing of the signal strength of radio-transmitters under different 142 
scenarios in the surf zone and onshore along sandy beaches. The various scenarios in the surf 143 
zone and onshore revealed that signals of radio-transmitters could still be detected at a 144 
distance of 200 m away but the signal became very wak at a distance of 400 m, particularly 145 















with only one quarter of the aerial in air and the remainder of the transmitter underwater. The 147 
results of these trials indicated that these radio-transmitters would be sufficient for short 148 
tracking studies with high potential success rates of locating radio-transmitters under the 149 
harshest conditions (i.e. buried in sand or wrack or partially underwater). 150 
Field tracking 151 
The most common macrophyte found stranded on sandy beaches of metropolitan Adelaide is 152 
the seagrass Posidonia sinuosa (Duong 2008). However, there is often a mixture of 153 
Posidonia angustifolia and P. sinuosa found growing together in seagrass meadows in Gulf154 
St Vincent, which makes it difficult to discriminate between the two. Identification of the two 155 
seagrass species is particularly difficult from leav s alone when rhizomes are absent 156 
(Cambridge and Kuo 1979), which is how they are normally found when large amounts of 157 
senesced leaves wash up along metropolitan Adelaide beaches. Therefore, rather than 158 
discriminate between the two species, they were grouped together and so are referred to 159 
herein as Posidonia spp.  160 
Before tracking began, enough seagrass samples for the entire study were obtained by 161 
snorkelling along the easily-accessible, shallow-subtidal region of Second Valley in southern 162 
Gulf St Vincent (35° 51’01”S, 138° 21’51”E) and were removed by hand to mimic natural 163 
removal by storms or large swells. All of the seagrass was taken back to the laboratory, rinsed 164 
thoroughly with fresh water to remove any invertebrates, measured into clumps of 0.1 L 165 
volumes, placed in zip-lock bags and frozen at -20⁰ C until required. Artificial seagrass was 166 
constructed by cutting PVC surveyor flagging tape (dark green in colour) into strips that were 167 
40 cm length x 0.7 cm width, which were then combined into clumps and measured out to 0.1 168 
L volumes and placed in zip-lock bags until ready for use. The day before each field day, five 169 















the natural frozen seagrass and to leach any potential chemicals in the artificial seagrass. 171 
Preliminary investigations of frozen and thawed versus fresh seagrass were undertaken to 172 
establish any discrepancies in sinking or drifting rates and seagrass structural integrity over 173 
six hour intervals and drying over multiple days. All tests confirmed that freezing only 174 
increased the rate of tannin release and slight darkening of leaves of the frozen and thawed 175 
seagrass, but no other changes were observed. As a result, standardised frozen and thawed 176 
seagrass was used for all experiments to minimise any differences associated with using 177 
seagrass collected on different days or from different locations. 178 
Investigation of the drift dynamics of seagrass were undertaken by boat with starting points 179 
0.25, 0.5, 1.5 or 3 km offshore during daylight hours over a six-hour period per sampling day, 180 
with three replicate days used per release distance. For each sampling day, five natural 181 
seagrass and five artificial seagrass samples were attached with zip-ties to separate randomly-182 
selected cage units, herein classified as either natu al seagrass (NAT) or artificial seagrass 183 
units (ASU) tag types, respectively. For logistical reasons and to ensure that seagrass units 184 
were not lost nor confused during tracking, only one distance was allocated to each separate 185 
tracking day. However, tracking days were randomly allocated to starting point distances to 186 
reduce any bias in distance selection for a particular day. All of the tracking days were 187 
undertaken in calm weather with wind speeds ≤28 km/h for safety reasons and to ensure that 188 
all seagrass units could be found at the end of each tr king day. Thus this study represents 189 
wrack drift behaviour under calm conditions with light winds only. 190 
At the starting point of each day all NATs and ASUs were released at the same time and 191 
location and their GPS co-ordinates recorded. All seagrass units were tracked and located 192 
using the radio receiver and visually at subsequent time points of 0.5, 1, 1.5, 2, 4 and 6 h after 193 
initial release with a GPS location recorded for each unit. At the 6 h point, a dip net (35 cm 194 















seagrass units were beached, their GPS positions and times of arrival on the beach were 196 
recorded as an end point and the natural or artificial seagrass was removed immediately. On 197 
the first day of the 3 km release distance, large sw ll  and bad weather reduced visibility at 198 
the six-hour mark resulting in the loss of two artificial seagrass units with no end-point 199 
distance recorded for one.  200 
Weather conditions, wind speeds and direction (using an anemometer, AZ Instruments Model 201 
No: 8906), photographs of Beaufort sea state and presence of any flotsam near seagrass units 202 
and the vicinity of physical structures (i.e. jettis or breakwaters) were recorded to aid in 203 
interpretation of seagrass-unit movement patterns. Oceanographic and meteorological data 204 
including tidal cycles, swell conditions and wind speeds were also obtained from the 205 
Australian Bureau of Meteorology and Willy Weather websites for further analyses of 206 
seagrass unit movements (www.bom.gov.au; www.willyweather.com.au).   207 
Data analyses 208 
Multiple regression tests of cumulative distance travelled of tagged seagrass (as the 209 
dependent variable) versus the independent variables of tide height, wind speed, elapsed time 210 
since last tide change, and elapsed time since start of experiment were undertaken to detect 211 
whether there were any relationships between travel distance and those variables. Multiple 212 
contingency tables using Pearson chi-square analyses were used to detect the likelihood of 213 
tagged seagrass units changing direction or stranding on shorelines in relation to the variables 214 
of distance-from-shore release points, tide heights, wind directions and wind speeds in these 215 
contingency tests. 216 
A simple Pearson correlation of straight line distance from start to finish versus total distance 217 
travelled had a moderate positive correlation (r = 0.593, p = <0.001). Therefore, only results 218 















cumulative distance through time and point-to-point dis ance between pairs of time points 220 
had a strong positive correlation (r = 0.715, p = <0.001). Therefore, only results based on the 221 
cumulative distance travelled are presented in analyses of tracking trajectories through time. 222 
PERMutational ANalysis Of VAriance (PERMANOVA) was u ed for analyses in the 223 
software PERMANOVA+ version 1.0.6 add-on to PRIMER version 6.1.16 (Anderson et al. 224 
2008). A four-factor experimental design of: Tag type (two levels: Artificial, Natural 225 
seagrass; fixed factor); Distance (four levels: 0.25, 0.5, 1.5, 3 km; fixed factor); and Day 226 
nested in Distance (three levels; random factor) with T me as a repeated measure (0.5, 1, 1.5, 227 
2, 4, 6 h) was used for analyses of cumulative distance travelled. Tagged cumulative 228 
distance-travelled datasets were analysed using Euclidean distance similarity matrices. The 229 
highest-order interaction of cumulative distance travelled datasets was removed as required 230 
for repeated-measures PERMANOVA (Anderson et al. 2008). Analyses on cumulative 231 
distance-travelled datasets were also conducted with the addition of either wind speed or tide 232 
height as a covariate. Multiple pair-wise tests were conducted if fixed factors or interactions 233 
were significant to identify which groupings contributed to differences from PERMANOVA. 234 
Results 235 
Total distances travelled of all tagged seagrass unit were different for individual days and 236 
tag types (pseudo-F1,8 = 4.9, p = 0.0001) and ranged between 0.25 km for those that s randed 237 
on shore to 5.3 km for those that drifted over the 6 h timeframe (Fig.1, Fig. 2). The distance 238 
travelled for natural and artificial tagged seagrass units at each release distance from shore 239 
only diverged for the 0.25 km distance after four and six hours and at the 3 km distance after 240 
six hours (Fig. 2) where wind speed increased from 9-11 to 18-25 km/h, respectively. NATs 241 
and ASUs always drifted in similar general directions to each other across all distances and 242 















initially drifted in a southerly direction with the r ceding tide, with exception of an initial 244 
northerly drift direction on only one sampling day for the 0.5 km distance-from-shore release-245 
point (Fig. 1). The drift tracklines of tagged seagrass units released at different distances from 246 
shore only crossed paths on two occasions between th  0.25 and 0.5 km distances (Fig. 1). 247 
Tagged seagrass units changed direction on eight days and stranded on beaches on four days 248 
out of 12 days sampled. 249 
Tidal height significantly influenced the cumulative distance travelled by tags across time 250 
points and wind speed was marginal (Table 1), but their inclusion as covariates did not 251 
influence the significance of other factors in the design. Analyses including either a covariate 252 
of tidal height and wind speed had multiple significant higher-order interactions with 253 
Distance x Tag type x Time, the highest-order significant interaction (Table 1), indicating 254 
that patterns in drifting macrophyte movement were variable through distance from shore 255 
across time. Many of the pairwise differences in cumulative distance travelled among 256 
timepoints for both tag types were significantly different for the 1.5-km release distance with 257 
both tide height and wind speed as covariates (Table 2, Appendix Table A1). Pairwise 258 
differences were also significant for the 0.25 km and 0.5 km distances from shore when wind 259 
speed was a covariate, and for the 3 km distance from shore when tidal height was a covariate 260 
(Table 2, Appendix Table A1).  261 
The variable with the strongest relationship with cumulative distance travelled by tagged 262 
seagrass units was inconsistent, depending on the distance released from shore (Table 3). The 263 
cumulative distance travelled by tagged seagrass unit  showed a significant positive 264 
relationship with elapsed time overall for all variables investigated at most distances from 265 
shore (Table 3). The one exception was the cumulative distance travelled by tagged seagrass 266 















relationhsip with tidal height, indicating that distance travelled increased with a decrease in 268 
tide height (Table 3).  269 
 270 
Across all time points, tagged seagrass units were trav lling in the same direction as tides 271 
(82 %) more than winds (58 %) (Fig. 3). All tagged seagrass units changed direction for the 272 
0.5-km and 3-km distance-from-shore release points bu  only a third changed direction for the 273 
1.5-km distance (Table 4). No tagged seagrass unitschanged direction for the 0.25-km 274 
distance from shore (Table 4). Two thirds and half of the tagged seagrass units were stranded 275 
on sandy beaches when released from the 0.25- and 0.5-km distances from shore, respectively 276 
(Table 4). No tagged seagrass units were stranded on the shore when released at the 1.5- and 277 
3-km distances from shore (Table 4). Across all distances and time points, tagged seagrass 278 
units changed direction during low to moderate wind speeds, west to south-westerly winds, 279 
and during ebb and flood tides (Table 5). The stranding of tagged seagrass uunits mainly 280 
occurred during low speed, westerly winds and during ebb tides (Table 5). 281 
Discussion 282 
In this study, we aimed to mimic the movement of recently-detached seagrass at different 283 
points from shore and identify drift patterns over the short term (i.e. six hours). In these calm 284 
conditions, the movement of drifting seagrass at the sea surface in Gulf St Vincent appeared 285 
to be influenced primarily by tidal movement, but winds increasingly influenced drift when 286 
wind speed changed rapidly, as was observed on two sampling days for the 0.25- and 3-km 287 
release distances. Distances travelled by tagged seagrass units ranged from 0.25 km for 288 
tagged units that stranded within 2 hours for the rel ase distances closest to shore to 5 km 289 
over 6 h on most days for distances further offshore and >5 km on one day when wind speeds 290 
increased. There were clear daily differences at all release distances, which highlight the 291 















Idiosyncratic movements of NATs and ASUs were also observed, particularly when wind 293 
speeds increased, resulting in some divergence between tag types, but both tag types still 294 
moved in similar directions and were within close proximity to each other at the end of each 295 
sampling day. From this study, regardless of tag type, it appears that the likelihood of 296 
macrophytes and other drifting material changing direct on tended to coincide with the 297 
change in tidal movement from ebb to flood. Gulf St Vincent has a unique semi-diurnal tidal 298 
cycle with large spring and neap tidal ranges resulting in regular but moderate tidal 299 
oscillation (De Silva Samarasinghe and Lennon 1987). Therefore, in this study, it was not 300 
surprising that we identified a strong tidal influenc  on the drift trajectories of tagged 301 
seagrass units. Those tidal oscillation characteristics of Gulf St Vincent may influence the 302 
movement of drifting macrophytes back and forth along the same section of coastline 303 
repeatedly over multiple tidal cycles, which should be investigated further in future.  304 
The ultimate fate of drifting macrophytes reaching the shoreline has been investigated by 305 
releasing drifting macrophytes at various distances from shore and identifying strandings on 306 
shorelines over days to months (Harrold and Lisin 1989; Kirkman and Kendrick 1997; 307 
Hobday 2000a). In this study, the number of tagged seagrass units stranding on beaches 308 
within 6 h decreased with the distance released from shore. Westerly winds at low to 309 
moderate speeds (up to 14.6 km/h) may have had someinflu nce on the tagged seagrass units 310 
stranding on beaches but, once drifting macrophytes arrive in the surf zone, the 311 
hydrodynamic influence of waves is likely to take over and push them into shore. Similar 312 
observations were made in a study of drifters in the Southern California Bight, where the 313 
probability of arrival at shorelines of drifting macrophyte mimics was related to release 314 
distance from shore and coastline topography (Hobday 2000a). The short timeframe of our 315 















1.5- and 3-km release distances as it would take longer for them to reach the shoreline, 317 
highlighting the need for longer-term tracking from those distances.  318 
One challenge associated with investigating the ultimate fate of drifting macrophytes is that 319 
some macrophytes move throughout the water column by drifting at the surface for a period 320 
of time before losing buoyancy, eventually sinking to the seafloor (Johnson and Richardson 321 
1977; Hobday 2000b). The drift dynamics of detached macrophytes at the surface, throughout 322 
the water column and along the benthos may also vary through time adding to the difficulties 323 
in capturing such movement in field-based ecological studies. The methods used in this study 324 
focused on the surface-drift pathway nearshore overthe short term to establish some baseline 325 
for detached-macrophyte drift trajectories in shelter d gulf waters, for which there is little 326 
information. Further investigation into benthic-pelagic movement of drifting macrophytes is 327 
needed in these systems.   328 
Over larger temporal scales there may also be other influences on drifting macrophytes, such 329 
as changes in current direction throughout the year, which could be observed in longer-term 330 
studies in the future. For example, in Western Australia, plastic drifters that were mimics of 331 
seagrass or macroalgae released 2 km from shore travelled in a northerly direction during 332 
summer but south-easterly direction in winter (Kirkman and Kendrick 1997). Similarly, the 333 
local nearshore counter currents in Gulf St Vincent change throughout the year, with a mean 334 
circulation that is predominantly northerly in direction during summer and southerly in 335 
during winter, due to changes in wind-stress and water-density gradients (Bye and Kaempf 336 
2008).   337 
This study identified that the movement of drifting macrophytes at the surface in coastal 338 
waters of Gulf St Vincent can be influenced by tidal and, to a lesser extent, wind forces. 339 















of this sheltered gulf system. The stranding of drifting macrophytes onto shorelines becomes 341 
less likely with increasing distance from shore. Thus, the movement of drifting macrophytes 342 
is complex, particularly away from the coastline. The fate of macrophytes further from the 343 
shore, could be investigated with longer-term radio or satellite tracking of macroalgae and 344 
seagrass at distances of more than 10 km offshore but would require modification of the 345 
tagged seagrass units and the experimental design. We conducted our study during calm 346 
conditions but there is also a need to investigate the movement of drifting macrophytes 347 
during, or soon after, storms, to capture potential influences from wind-induced waves. 348 
Nonetheless, our study provides further evidence of; an initial arrival of wrack within close 349 
vicinity of the macrophyte’s origin very soon after detachment from the seafloor, and wrack 350 
that may drift around in the system for days after d tachment that may eventually arrive as 351 
subsequent pulses to beaches over the longer term. Globally, governments or councils that 352 
utilise wrack management programs on beaches need to understand that those programs may 353 
continue long after the first arrival of wrack on beaches (e.g. after a storm event or natural 354 
senescence) due to multiple pulses of wrack and thus recycling of material with tides and 355 
waves. As a result, the repetitive cleaning of beach s over the longer term may have far-356 
reaching consequences on nearshore environments given the long term mixing and 357 
redistribution of allochthonous material that is an important ecological aspect of nutrient 358 
recycling and trophic function in nearshore ecosystem  (Baring 2014). Thus, managers need 359 
to be aware that it is not just a simple matter of removing unsightly material from beaches at 360 
single points in time without additional impacts to the ecosystem. Instead, serious 361 
consideration needs to be given to more ecologically-sensitive management of wrack on 362 
beaches over the longer term. Recognition that beach cleaning may have far-reaching 363 















allocthonous material, coupled with our existing knowledge of its importance as a nursery 365 
habitat, suggests that removing wrack to landfill should not be the sole management option. 366 
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Table 1. Analyses of cumulative displacement distance through time for the factors distance 459 
from shore (Distance) and Tag type over Time points a d sampling Day (nested within 460 
Distance) from tagging experiment. Results are from epeated-measures PERMANOVA 461 
based on Euclidean distance similarity matrices with a covariate of either wind speed or tidal 462 
height included in the design (= 30 for all distances except  n = 29 for 3 km). Bold figures 463 
indicate a signficant factor or interaction at α = 0.05. df = degrees of freedom, MS = mean 464 
squares, F = pseudo-F ratio, p (perm) = permuted probability value. 465 
  Wind speed covariate Tidal height covariate 
Factor df MS F p (perm) MS F p (perm) 
Covariates        
Wind 1 19.48 3.82 0.06    
Tidal height 1    568.08 106.2 <0.01 
Distance 3 27.17 2.28 0.17 11.86 0.88 0.48 
Tag 1 0.79 5.45 0.05 2.04 14.92 <0.01 
Time 5 182.88 69.96 <0.01 79.22 24.06 <0.01 
Day(Distance) 8 11.66 1662.5 <0.01 13.69 1952.5 0.70 
Distance x Tag 3 7.45x10-2 0.63 0.60 5.09x10-2 0.47 0.99 
Distance x Time 15 0.50 0.20 0.99 0.50 0.20 <0.01 
Tag x Time 5 0.34 12.78 <0.01 0.30 11.96 <0.01 
Tag x Day(Distance) 8 0.12 16.61 <0.01 0.11 15.23 <0.01 
Time x Day(Distance) 37 2.49 354.31 <0.01 2.44 348.39 <0.01 
Distance x Tag x Time 15 1.63x10-2 2.32 <0.01 1.63x10-2 2.32 <0.01 
Residual 570 7.01x10-3   7.01x10-3   
Total 671       















Table 2. The number of significant PERMANOVA pairwise tests out of a possible 240 pairs 467 
for the dependent variable cumulative distance travelled between time points. Pairwise tests 468 
were for each release distance from shore (km) of the independent variables of  tidal height 469 
and wind speedfor all tag types resulting from the significant interaction term of Distance 470 
from shore x Tag type x Time point.  471 
 472 
Distance  Tidal height Wind speed 
0.25 1 4 
0.5 0 6 
1.5 11 12 
3 9 2 
 473 















Table 3. Results of the dependent variable cumulative distance travelled overall predicted 475 
from the independent variables of tidal height, wind speed, hours since last tide change and 476 
elapsed time since release of tagged units, from multiple regressions. Adjusted R2 and 477 
multiple regression coefficients are presented. Tolerance measures varied from 0.21 to 0.96, 478 
where inter-correlations among independent variables showed a satisfactory result (i.e. >0.1). 479 
All multiple regressions shown were significant, with values of p < 0.001. Bold values 480 
represent the variables that had the strongest relationship to distance travelled by tagged 481 
seagrass units. 482 
Variable Distances from shore (km) 













Constant 0.34 3.71 -0.31 0.03 -1.59 
 Coefficients 
Tide height -0.26 -1.91 0.05 0.22 0.45 
Wind speed 0.04 0.17 -0.06 0.06 0.09 
Tide turn 0.06 -0.27 0.24 -0.01 0.22 
Elapsed time 0.58 0.39 0.51 0.67 0.77 
 483 















Table 4. Contingency tables of the percentages of units that either did (Y) or did not (N) 485 
change direction or hit the beach for each distance-from-shore release-point. Pearson Chi-486 
square statistics (χ2 ) and significance levels (p) for the test of the number of tags either 487 
turning or hitting beach as fates are shown (n = 30 for all distances, except n = 29 for 3 km). 488 
Bold figures indicate significant tests at α = 0.05. 489 
 Percent turned Percent hit beach 
Distance from shore (km) Y N Y N 
0.25 0 100 67 33 
0.5 100 0 53 47 
1.5 33 67 0 100 
3 100 0 0 100 
χ
2 89.12  52.01  
P <0.001  <0.001  
 490 















Table 5. Contingency tables of the percentages of units that c nged direction or hit the 492 
beach for wind direction, wind speed (low, 0.1-9; mid, 9.1-14.6; high, >14.6 km/h) and tidal 493 
stage. Pearson Chi-square statistics (χ2 ) and significance levels (p) for the test of the number 494 
of tags either turning or hitting beach as fates ar shown (n = 30 for all distances, except n = 495 
29 for 3 km). Bold figures indicate significant tests at α = 0.05. 496 
Distance from shore (km) Percent turned Percent hit beach 
Wind direction   
North-east 12.5 0 
North-west 12.5 35 
South 12.5 0 
South-west 37.5 47 
West 25 18 
χ
2 38.5 41.2 
P <0.001 <0.001 
Wind speed   
Low  37.5 74 
Mid 50 5 
High 12.5 21 
χ
2 24.9 20.8 
P <0.001 <0.001 
Tidal stage   
In-between tides 12.5 7 
Ebb 37.5 82 
Flood 50 11 
χ
2 111 2.7 

















Fig. 1. Map of study site at West Beach along the metropolitan Adelaide coastline in South 499 
Australia (SA) during drifting seagrass tracking during September to December 2013. 500 
Mapped tracklines of drift trajectories are shown for both tag types at all distances from 501 
shore. Circles show start or release points (S) and finish (F) locations at each distance. Finish 502 
points are F1 = Day 1, F2 = Day 2, F3 = Day 3. Lines show drift trajectories between the start 503 
and finish. Lines and circles are colour-coded by distance with: Orange = 0.25 km; Blue = 0.5 504 
km; Grey = 1.5 km; and Black = 3 km. Solid line = Day 1, Dashed line = Day 2, Dotted line 505 
= Day 3.   506 
 507 
















Fig. 2. Cumulative distances travelled over six hours for b th tag types, natural (NAT) or 510 
artificial (ASU) seagrass at each distance-from-shore release-point during field tracking 511 
experiments (n = 15 for each distance, except n = 14 for 3 km). 512 

















Fig. 3. The percent of time that tagged seagrass units were not drifting due to no wind or in-516 
between tides (none/between), in the opposite or same direction as tides or winds based on all 517 















Fig. A1. Counter-weighted floating cage design used for tagged seagrass units with radio 
transmitters installed as used during field experiments in the austral spring/summer of 2013. 















Table A1. Results from PERMANOVA pairwise tests for the variable cumulative distance 
travelled between time points for each release distance from shore (km) for all tag types 
resulting from the significant interaction term of Distance from shore (Dfs) x Tag type x 
Time point. Significant values are shown as * for p < 0.05, ** for p <0.01, *** for p <0.001. 
Blank cells indicate no significant differences (p > 0.05). 
Release distance Tide height Wind speed 









1, 4 *** 
1, 6 
1.5, 2 
1.5, 4 *** 
1.5, 6 
2, 4 *** 
2, 6 

















Release distance Tide height Wind speed 
Time groupings Natural Artificial Natural Artificial 
0.5, 4 *** ** 
0.5, 6 ** *** 
1, 1.5 
1, 2 









0.5, 1 * * *** *** 
0.5, 1.5 * * 
0.5, 2 * * 
0.5, 4 * * 
0.5, 6 ** * 
1, 1.5 
1, 2 
1, 4 * 
1, 6 *** ** ** * 
1.5, 2 
1.5, 4 














Release distance Tide height Wind speed 
Time groupings Natural Artificial Natural Artificial 





0.5, 2 * 
0.5, 4 
0.5, 6 * * * 
1, 1.5 *** *** 
1, 2 
1, 4 
1, 6 * * 
1.5, 2 *** *** 
1.5, 4 
1.5, 6 * 
2, 4 
2, 6 
4, 6         
 
 
